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HUltr  Alroraft  Corporation  vai  amrdod  Contract  DA  lili«177-T0*4$g 
in  April  to  axtond  the  nerk  parforwd  under  Oontraot  DA  lili-177- 
TC-SOO.  This  work  vu  to  laeluda  itudleii  toata  and  araluatlon  of 
tha  affaota  of  downnah  and  alipatroam  foroaa  of  TTOL  aircraft  vlth 
raapoot  to  airerafti  aupporting  aqulpnanti  paraonnel  axid  landing 
aroaa. 

Thia  report  oorara  a  portion  of  that  work  oonaiatlng  of  toata  con- 
ducted  caor  altoa  proTided  l;gr  tha  D.  8*  Amgr  tnglnoara  VatartMora 
Sxparlaiont  Statloni  Plokaburgf  Mlaalaaippi*  In  addition  to  thaao 
toat  altoa  and  ganaral  auppon  of  tha  toat  prograa,  Vatorvajra 
IxpariMant  Station  alao  provided  tha  wave  roda  and  rooordar  equip- 
Bwnt  uaad  in  tha  uatar  toata  and  tha  olaaBlfioation  and  condition 
of  tha  natariala  at  tha  tiaia  of  taating* 

Work  yot  to  ha  dona  under  thia  oontraot  oonaiata  of  toata  over  tha 
■•M  or  aiailar  teat  altoa  wlUi  duct  adaptara  alnulatinii  planuia 
ohaatoar  and  annular  noaila  oenfiguratlen  ground  affaot  naohinaai 
and  aide  tagr  aide  noaalaa  for  VTOt  alroraft«  Thia  work  will  he 
oovarad  hy  a  aoparata  report*  A  auaaaiy  report  and  adltad  filn 
analyilng  tha  raau3.ta  of  thia  oontraot  and  Contraot  DA  l4h-177*^-$0O 
will  alao  ha  prepared* 
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6ti  to  73  Inolualva 
S3  and  ^ 
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89  to  92  Inolualve 
93 
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9U  to  lOU  inolualva 
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U2  anl  U3 


Uo  and  Ul 
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This  system  of  sell  condition  nomenclature  was  used  to  provide  a  oom- 
pleta  cross  refarenoa  between  this  report  and  Appendix  Z*  A  singla 
designation  waa  used  Wiloh  oonaists  of i 

1)  A  Roman  numaral  that  dnelgnates  the  type  of  sollt 

2)  An  alphabetloal  symbol  that  designates  the  soil  preparatlont 

3)  The  teat  number  assigned  at  the  time  the  test  was  oonduoted. 

A  designation  oan  consist  of  the  first  tw  parts  when  reference  is  made 
to  a  series  of  tests* 

Example i  Data  designated  Z-B25* 

This  data  refers  to  test  number  25  which  was  conducted  over  a  plowed 
flat  surface  of  lean  clay* 


Referenos  to  Boil  aondltlon  7>A  ref«r8  to  «11  tastB  oonduotod  orver  the 
Arosh  voter • 

Particle  Trap  Location 

Soli  Condition  Teata  31  to  39  Inolualve. 

The  i'oUovLng  relation  betveen  trapa  and  duct  exit  waa  uaedi 
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0-13S® 


Syilbol 
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Plan  View 


ayadbol 
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Bide  Tlev 


In  all  other  aero  tilt  anfle  teata  the  relatlTe  direction  la  lui'rv 
portent  and  on!/  the  x/R  looation  of  the  trap  la  sl^en*  T.^  ro' loving 
notation  haa  been  uaedt 

x/R  3  6  9  12 

Syrtbol  >  O  □  O 

The  foUovlnf  ^ntatlor.  was  uaed  for  all  teata  vith  the  thruat  axle 
InoUned  to  the  •artloal,  0  ■  30  degree  or  0  >  60  degree  teata i 

0  0®  90®  135® 

Syrtbol  O  c>  tr 

For  testa  119«  120  and  121  the  particle  trapa  vere  shifted  four  feet 
dovnatream*  The  data  obtained  during  teat  nurtber  121  vaa  not  uaed 
due  to  a  bearing  failure  vhioh  neoessltated  promatura  tai'mittatlon 
of  tha  test.  The  results  of  teat  nurtbara  119  and  120  vere  plotted 
using  a  flagged  symbol  to  denote  a  dovnatrear  shift  In  the  origin. 
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Zto  Shlftad  U  Faat  Downatream  for  Flmgad  Synibola 


ttndsr  oondltioM  ora  or  aioro  p«rtlol«  trip  oompirtmanti  mrs 
fillid  to  oipulty*  Vhin  plotting  thi  dib*  i  full  oompirtment  via 
diaignitid  by  filling  in  tha  qntbol* 
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1.00  SOWMI 


A  t«o-feot<^mtar  duotad  prepallar,  oapibla  of  providing  dlak 
loadings  up  to  lh5  pounds  par  squsra  foot,  vas  oparatad  ovar  olsgr 
soils,  sand,  graval^and  watar*  Tha  duot  axlt  halght  above  the 
surfaea  vaa  set  betaaan  ona-half  and  three  dlanatars,  and  the  duetad 
propallsr  was  aooalaratad  to  provide  tha  test  disk  loading*  Three 
partlola  traps  ware  used  to  oaptura  airborne  material,  and  provide 
Information  on  the  flow  of  material  at  various  hsltfits  abovs  the 
aurfaoe* 

Oonaidarabls  quantities  of  material  were  removed  from  tha  impact  area 
when  teats  over  loose  material  (l*e*  sand,  gravel,  plowed  ola^)  were 
made.  The  quantity  of  material  moved  was  primarily  dependent  upon 
moisture  content,  disk  loading,  type  of  soil,  test  time  and  Z/D* 

A  teat  over  gravel  at  Z/D  ■  1«5  end  v  •  lUO  pounds  per  square  foot 
pr^uced  an  erosion  rate  of  apprexlaatsly  1^  pounds  per  second. 

Kith  the  ducted  propeller  operating  over  water  ^e  onset  of  spriqr 
occurred  at  disk  leadings  of  &  to  1$  pounds  per  square  foot.  Zn- 
oreasing  disk  loading  from  the  spr^r  onset  loading  to  lltO  pounds 
per  square  feet  increased  the  spray  density  and  height  shove  the 
surface. 

Sites  covsrsd  with  vegststlen  and  undisturbed  herd  surfaces  showed 
little  or  no  eroiion  resulting  from  testa  with  disk  loadings  to 
pounds  par  squars  foot.  Tall  grass  deflaotsd  tha  outward  flowing 
sir,  causing  t)w  flow  to  lift  above  the  eurfacs.  The  aise  of  the 
resulting  deprsasion  in  tha  grass  inorssssd  with  disk  leading. 
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2.00  COlCmSIONS 


In  geiMral  th«ro  la  no  dafinlta  point-  in  aiak  loading,  or  dianatara 
above  the  surface,  uhore  It  o/tn  be  that  there  crtiats  a  praotioal 
Unit  due  to  the  erosion  problem.  The  aurfaoe  erosion  la  Inoreaaed 
by  inoreaning  disk  loading  cr  by  deoreaaing  Z/D. 

The  soil  condition  and  noiature  oontent  have  been  found  to  have  a 
pronounoed  effect  ou  orosicn.  Dry  sand  erodes  quite  rapidly  at 
disk  loadings  of  eight  and  above,  while  sand  saturated  with  water 
shows  only  ll#t  erosion  at  a  disk  loading  of  lU5  pounds  per  square 
foot.  The  orrx-toii  of  gravel  was  retarded  by  saturation  vdth  water, 
but  8aturati‘'g  gravel  with  water  was  not  nearly  as  affective  a 
detarren'  it  was  with  sand. 

The  Oj^ration  of  the  two-fnot  duotsd  propeller  over  grass  showed  the 
ass  to  bo  effective  in  preventing  soil  erosion}  howavar,  the  tall 
^ass  fornod  a  cup  that  directed  the  surface  flow  up  and  loose 
material  was  blown  baok  into  the  duct  inlet  by  surface  winds. 

Tests  conduotad  over  water  showed  &  Mpray  onset  in  the  neighborhood 
of  eight  to  fifteen  pounds  per  aquare  foot  loading.  Between  the  disk 
loadings  of  30  and  60  pounds  per  square  fnot  the  spray  pattern 
ohanges  from  a  radial  surface  spray  to  one  in  which  there  is  con¬ 
siderable  vertical  motion  and  ingestion  into  the  duot  inlet. 


2 


3.00  INTRODUCTION 


The  cpemtion  of  heliooptera  end  vertioiil  lift  types  of  airoraft 
from  unpre]3ared  stir  faces  presents  problems  associated  with  the 
downwash  or  allpstrean  impingement.  Among  these  problems  are  the 
effeots  oni  the  pilot}  the  airoraft  physically  and  operationally] 
taotloal  operation  of  the  aircraft}  aitc  danger  to  ground  personnel 
and  equipmiBnt,  resulting  from  d  ;«it  and  debris  set  in  motion  by  the 
dovnwash  or  slipstream. 

In  1958  the  U.  S.  Army  Transportation  Researoh  Command  (TRBCOM) 
awarded  to  Hiller  Airoraft  Corporation  Contract  DA  Uij-177-TC>500 
to  study  the  eharaoterJatlos  of  the  domwash  from  VTOL  airoraft. 

In  the  tests  of  this  program  the  dovnwash  from  propellers  and  a 
duoted  fan  was  iiapinged  on  a  flat  non-eroding  surface  and  valooity 
profiles  and  flow  directions  were  obtained  (referenos  Hiller  Report 
No,  60-15). 

In  April  I960  Contraot  DA  ltli-177-1'0-655  was  awarded  Hiller  Airoraft 
Corporation  to  oonduot  additional  tests  and  'ivaluatlon  of  the  effects 
of  the  dovnwash  impingement  on  a  variety  of  soil  conditions.  For 
conqplete  soil  desoriptlon  see  Appendlr.  Z. 

To  obtain  Information  that  would  allow  even  the  most  general  answers 
to  questions  ooneerning  problerao  that  might  arise  on  this  eubjeot 
would  requlra  an  enormous  amount  of  tasting,  Wien  one  oonsidara 
the  variables  connected  vdth  the  air  Jat  ganerator  -  for  axompla, 

Jat  valooities  and  shapoe,  pulsations,  implngament  angles,  heights 
above  the  surfaee,  ground  winds  praeont  -  and  adds  the  variables 
present  when  oonsidering  poseible  landing  areas  (such  as  soil  type 
as  to  textural  and  plastic  qualities,  moisture  content,  surface 
irregularities  and  changes  in  the  surface  dvu'ing  impingement  of  the 
Jet)  it  becomes  immediately  apparent  that  the  program  covered  by 
this  report  could  only  lead,  at  best,  to  vary  general  results  and 
poaeibly  point  the  way  for  future  teat  work.  The  reader  is  oautloned 
that  the  results  presented  in  this  report  were  obtained  under  oon- 
ditions  that  allowed  only  a  few  of  the  many  above-mantionsd  variables 
to  be  controlled  or  Investigated  and  that  any  attempt  to  apply 
these  results  to  speoifio  cases,  except  in  a  very  general  way,  is 
not  recommended. 
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It. 00  DESCRIPTION  OF  TEST  EQUIPMEMT 


It. 01  TRUCK  TEST  RIO  (FIQURE  1) 

A  U.  S.  Arny  Model  M>51t(  ^-toii,  6x6  oargo  truck  with  a  front-mounted 
vlnoh  was  used  ae  a  base  for  the  test  rig.  A  parallelogram  boorii 
with  main  arms  llti^  feet  long^  was  mounted  to  the  truck  bed.  Sup¬ 
ported  on  the  arms  was  a  Ford  Model  332  Industrial  7-8  englnsi  dis¬ 
placement  332  cubic  inches,  continuous  horsepower  rating  128  at  2800 
rpm.  A  five-speed,  truok-t^  gearbox  was  mounted  on  the  engine  and 
provided  input  to  output  ratios  of  lil,  l.ltSil,  ?.liOil,  lt«38il  and 
7*^'8il.  The  output  shaft  from  the  gearbox  was  att.'iohed  to  a  right 
angle  drive  unit  with  an  input  to  output  ratio  of  li2.69.  This  unit 
%ra8  mounted  so  the  output  end  could  be  rotated  about  the  main  drive 
shaft  axis.  This  allowed  the  thrust  axis  to  be  Inclined  from  0  to 
90  degrees  in  30  degree  increments.  The  propellers  were  mounted  on 
the  output  shaft. 

The  propeller  height  above  the  ground  was  controlled  by  raising  and 
lowering  the  boom  asaentily  with  the  winch  cable.  This  hel^t  could 
be  varied  from  six  inches  to  li^.^  feet. 

h.02  DUOTED  m  AaSSHBLY  (FIQURE  1) 

Disk  loadings  up  to  pounds  per  square  foot  were  obtained  with 
the  two-foot-diamster  ducted  fan  assembly.  The  single  rotation 
propeller  contained  six  RAF<^  eirfoll  section  blades  maohined  from 
aluminum  alloy  forgings  mounted  in  a  split  hub  that  allowed  the 
pitch  of  each  blade  to  be  ground  adjusted.  Complete  design  infor¬ 
mation  for  the  duct  and  propeller  blades  will  be  found  in  Hiller 
Report  60-15.  The  three-foot-long  duct  was  turned  from  a  laminated 
oyllndsr  of  sugar  pins.  It  was  mounted  to  the  main  support  shaft 
by  a  welded  tubular  steel  support.  Mounted  to  the  duct  below  the 
propsllsr  was  a  set  of  five  molded  plastic  straightening  vanoa 
designed  to  remove  the  swirl  from  the  exit  air  stream. 

h.03  INUTT  SCREEN 

A  duct  inlet  screen  of  1/^'inch  mesh  was  constructed  and  fitted  over 
the  duct  support  tubes  to  prevent  solid  particles  from  fallii^  into 
the  duct  inlet.  The  screen  did  not  completely  close  the  inlet,  an 
annular  space  between  the  outside  of  the  duot  and  the  bottom  of  the 
soraen  being  left  open. 
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U«0l4  MCHOMETTER  (FIGURE  2) 


A  Hewlett-Packard  Model 
5iOOG  electronic  tachometer 
waa  used  to  determine 
accurately  the  propeller 
rpra*  The  tachometer  usee 
a  photo  cell  to  sense 
Intermittent  reflected 
light  from  the  propeller 
drive  shaft* 

ti.OS  CAWJU3 

The  cameras  utilized  on  this 
program  consisted  of  a  3^ 
millimeter  oamors  used  for 
all  black  and  white  test 
photographs  of  particle 
movements  and  eroded  sec¬ 
tions,  and  a  16  millimeter 
movie  cams r A  used  for  photo¬ 
graphing  some  typical  tent 
set  ups  and  test  runs* 

li.06  PARTICI£  TRAPS 

Two  types  of  particle  traps 
were  used  in  the  prugram*  To 
obtain  measurements  of  flew  rates  at  different  x/R's  and  h/D's  three 
traps  thirty-two  inches  high,  six  inches  wide  and  six  inches  doep  were 
oomitruuted  of  1/Ii-lnuh  plywood*  The  back  was  covered  with  plexiglaes 
Uee  Figure  2)*  The  tJiree  traps  were  placed  together  after  each  run 
and  photographed  to  record  their  contents.  Larger  traps  six  feet 
tall,  Ivo  feet  wide  and  one  foot  deep  constructed  of  steel  angle 
framework  and  covered  with  noreen  (see  Figure  1)  were  used  to  trap 
particles  and  debris  farther  from  the  duct  center  line  and  at  higher 
h/D's* 

h*07  IWSTRllHEWT  PANEL  (FIDURE  2) 

A  portable  instrument  panel  containing  the  controls  for  the  propeller 
power  plant  was  used,  Fx'unted  on  the  panel  were  the  ignition  switch, 
the  starter  switch,  the  throttle  control,  the  camera  remote  control 
switch,  the  clutch  controls,  an  engine  tachometer,  and  a  gage  for 
measuring  barometric  pressures* 


Fig.  2*  Instrument  Panel 
end  Particle  Trap 
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U,08  BACKC«OU?P  (FroURE  1) 

The  background  was  provided  to  aid  in  evaluating  the  dust  olouda  and 
particle  movement  patterns*  It  was  constructed  of  No.  102  Blaoki 
Vat  Dyed  An^y  Duok,  six  feet  wide  and  18  feet  long  and  supported  on 
vooden  poles  spaced  every  six  feet.  These  poles  were  inserted  into 
hollow  steal  stakes  driven  into  the  ground.  White  lines  were  painted 
every  two  feet  on  the  background  to  provide  a  visible  scale.  The 
background  was  installed  on  a  radial  center  line  of  the  duct  with  the 
lower  edge  approximately  one  feet  above  the  ground  and  the  first  nark 
six  feet  fron  the  duct  center  line. 

lj.09  WAVE  RODS  AND  RSCORDroS  (yiQURES  3  AND  M 

Five  wave  rods  were  supplied  by  the  U.  S.  Amy  Engineers,  Waterways 
ficperlnent  station*  The  essential  elements  of  the  two-foot-long 
wave  rods  are  the  t>n  stainless  steal  wires  supported  by  insulating 
material.  These  rods  were  submerged  in  the  water  to  a  depth  of 
approximately  one  and  one-half  feet.  The  wave  rods  were  used  aa 
sensing  elenanta  in  parallel  to  a  portion  of  a  balanced  full  bridge. 

An  unbalance,  caused  by  changes  in  the  water  height,  was  reflected 
to  the  bridge,  amplified,  and  recorded  on  a  direct  writing  oscillo¬ 
graph,  The  bridge  consisted  of  four  120  ohm  and  four  $0  ohm  precision 
resistors,  making  a  170  ohm  bridge.  The  sensing  elements  wore  paral¬ 
lel  to  one  of  the  50  ohm  resistors  in  one  leg  of  the  bridge  to  give 
a  very  small  change  in  resistance  for  a  submergence  of  two  feet  in 
water,  A  small  resistance  change  was  desirable  so  that  the  cali¬ 
bration  curve  VDuld  be  approximatelj'  linear. 


Fif;,  3i  Wave  Bods 


Fig,  li.  Recording  Enuipment 
Wave  Rod 


$.00  EXPERIMENTAL  PROCEDURES 


$.01  son.  SURFACE 

The  general  arrangement  ohovm  In  Fipwe  1  was  used  for  soil  conditions 
I-B,  I-C,  III  and  IV.  The  background  was  aligned,  before  each  test, 
with  the  anticipated  flow  so  as  to  provide  for  minimum  disturbance. 
Particle  traps  were  placed  in  the  impingement  area  as  indicated  in 
the  list  of  symbols.  No  particle  traps  were  used  for  tests  coti- 
ducted  over  soil  condltjons  I-A,  II  and  7,  and  only  the  large  traps 
were  used  for  lests  over  soil  oorylitlora  I-D  and  I-E.  In  general 
t^le  large  traps  proved  unsstls factory  and  the  data  has  not  been  used. 

$.02  WATER  TESTS 

The  arrangement  of  equip- 
iTunt  used  for  the  water 
tests  is  shown  in  Klgure 
$•  A  spacing  of  oni  foot 
was  used  between  each  of 
the  five  wave  rode  dee- 
oribed  in  Saclien  h.09. 

The  wave  rode  ware  located 
alonfi  a  radial  line,  or  on 
tlM  plana  of  Incli nation, 
with  the  flrit  wave  rod 
under  the  duet  oenterllm 
for  aero  degree  thruet 
axis  inclination  teete* 

Vhen  the  thruet  axis  waa 
inclined  the  wave  rods 
were  positioned  so  as  to 
beet,  survey  the  impact  area. 

$.03  OPEMTINQ  mOCEDURE 

After  preparation  of  the  test  site  the  ducted  propeller  was  engaged 
and  the  disk  loading  increased  to  the  desired  value.  The  teat  disk 
loading  was  maintained  for  the  test  time,  which  varied  from  forty 
seconds  w  four  minutes,  and  then  the  throttle  was  reduced  and  the 
clutch  disengaged.  The  teot  time  was  normally  one  minute  durationi 
however,  to  protect  the  propeller  blades  from  excessive  erosion,  it 
was  reduced  for  some  tests.  In  a  few  tests  the  test  time  was  ex¬ 
tended  30  as  to  compile  sufficient  material  in  the  traps  for  measure¬ 
ments.  for  speulfio  test  times  refer  to  Table  1. 


Fig*  $•  Water  Site  Test 
Equipment 
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OaOCDISCO^IW 


6,01  (aUBlAL 

Soil  classification  and  dasoriptiona  of  test  sites  are  given  in 
App-indix  It 

The  procedure  used  to  calculate  the  floK  rate  was  as  follows!  After 
each  test  the  depth  of  material  trapped  in  oaoh  oompartnant  of  the 
three  small  traps  was  measuredt  Prom  the  geometry  of  the  traps^ 
and  the  depth  of  material,  the  volume  of  the  trapped  material  was 
oaloulatedt  The  density  of  the  trapped  material  was  assumed  to  he 
the  same  as  that  of  the  uppermost  soil  sanpls*  With  this  assump¬ 
tion  the  weight  of  the  trapped  material  could  he  estimated*  The 
weif^t  of  material  idiioh  passed  through  a  square  foot  of  area  each 
minute  was  obtained  and  plotted  as  flow  rate*  The  tost  time  was 
normally  one  minute)  however,  some  tests  were  oonduoted  for  more 
or  leas  than  one  minute*  The  flow  rate  was  alwiv>  based  on  the 
actual  test  time  and  assumes  a  constant  rate  of  erosion* 

Many  tests  produced  an  eroded  hole*  When  the  test  was  oompleted 
the  hole  diameter  and  depth  were  measured*  For  tests  over  the 
unmowed  grass  where  the  oonoavity  existed  only  during  operation, 
the  diameter  was  estimated*  The  hole  diameter  to  dust  exit  diameter 
ratio  versus  dish  loading  was  then  plotted* 

6*02  vaam  ioadihq  (v*l.) 

The  grain  else  of  soil  oondition  17  varied  over  a  large  range, 

•007  millifflsters  to  LO  millimeters*  Therefore,  plots  were  required 
to  provide  information  on  the  relative  site  of  p^ioles  trapped* 

It  was  felt  that  the  shape  of  the  partlols  had  some  influenoe  on 
the  maximum  height  to  which  it  would  be  projeeted*  The  volume 
loading  notation  was  chosen  to  reflect  the  shape  of  the  partiole* 
Volume  loading  is  defined  as  the  quotient  resulting  from  a  division 
of  the  partlols  volume  by  its  maxlaum  projeoted  area*  If  the  den¬ 
sity  of  eaoh  partiole  were  known,  the  product  of  volume  loading  and 
density  would  result  in  a  parameter  simllsr  to  the  wing  loading  of 
an  airoraft.  For  this  report  the  partiolss  were  assumed  to  be  rec¬ 
tangular  objects  lAiose  principal  dimensions  were  establiabed  from 
the  partiole  site*  By  assuming  eaoh  partiole  to  be  a  reotangular 
parallelepiped  the  volume  loading  beoame  equal  to  the  minimum 
dimension  of  the  assumed  obj-ot* 
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6.03  SOIL  CONPniON  I.  LgAN  CLAY  (C.L.) 

Section  A>  Bladed  Section 

The  bladed  lean  clay  vdthetood  the  I’ull  impact  of  lIiO  pounds  per 
square  foot  disk  loading  with  very  minor  erosion,  Figures  6a  and  b. 
The  fine  surface  material  formed  a  dust  cloud  vhloh  was  Initially 
dense,  but  cleared  considerably  after  the  surface  was  swept  clean. 
Small  surface  particles  broke  loose  at  random  Intervals  throughout 
the  test. 


Test  I«Ali  , 
During  Operation 


Section  B«  P3.owsd  Section 


F‘  6b.  Test  Z-At( 

After  Completion 


Twenty-five  testa  were  conducted  over  the  plowed  flat  section.  The 
higher  disk  loading  tests  removed  large  quantities  of  material  and 
produced  dust  clouds  of  sufficient  slae  and  density  to  ohsisure  the 
test  equipment,  see  Figuu'es  7a  and  b. 


Fig.  7a. 


Fig.  7^.  Toot.  I-'.'. 

ifc.tr  Cr  .i.'i*.’:,. 


Teat  I-B15 
During  Operation 
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Thi*  data  obtained  from  the  particle  traps  was  cor  verted  to  flow 
rates,  as  described  In  Section  6,01  and  plotted  in  Iflgwes  19  .n  ho., 
After  completion  of  the  test  the  diameter  of  the  >»roded  htV’ 
measyred.  The  ratio  of  the  hole  diameter  to  duct  exit  has 

been  plotted  versus  disk  loading,  Figure  I4I, 

Seotion  0,  Plowed  Seotion  (Furrowed) 

Nine  testa  were  oonduoted 
over  tho  plowed  and  fur* 
rowed  lean  clayi  the  furrown 
ware  prepared  as  described 
in  Appendix  Z,  The  higher 
disk  loading  tests  rsnoveo 
all  loose  material  in  t>v 
impingement  area,  wit> 
intloaeble  dual  noUon 
along  the  bottom.  «i  *',»• 

Nrrow,  Figuf'  ft,  (••loa 
rates  ohta'ne:?  from  testa 
over  tile  Plo'  ^d  arnl  fur¬ 
rows '  loar  .liny  are  shown 
I*'.  I'ir  as  li?  to  lift.  The 
;efff  jata  for  Flijurcn 
$  i  lift  wt.a  vbtsitkid  after 
apt'ini<Ung  the  surface  with 
watar  (««e  ApperaiLa  I,  I'eatn 
'iT  ,vhJ  31,  for  eoil  daacrlp- 
tirh), 

P<  Arya  Cl^l"wwi»d) 

The  i.aa^l  traps  mm  not 
Vised  lor  t.en  t,i«nt,r« 
uondueted  0''sr  trrnn.iy 

area.  The  unnovmd 
'leflseted  the  downwaah, 
under  all  disk  loivdiiig 
oundUlona,  Figure  9a, 

Tff  Jet.  blai„  all 

‘..ooBs  laaterial  on  the 
ITouiid  sui’face  and  broke 
off  and  bl«w  away  soma  of 
tfts  ({rass,  but  did  not. 
d.laturb  thi  grass  root" 
or  hard  soil. 


D;ria'  Oc'pra  Lon 
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'I  loop,  fnateri.'.!  whioh 
^i  Ctea  tv'ooviri  ^h•  p^r-- 
ftw  ttir  Qtf«R’'  ■- 

some  matt''»v'.' 

■■■  '»  Tlv,  «  . 

[n  the  tall  grat? 
a  delinite  olroular 
Bhapa  vhCBB  diamatar  was 
estimated  during  aaoh  test, 
the  re suits  of  vhloh  are 
shown  by  Figure  h9« 


rig.  9b.  Chras.'  Mat 

Duot  Inlet  rnreen 


Seetien  E.  Qrassy  Ar.ja  (Freshly  Mowed) 


Seeenteon  teat?  :e«ra  ..lade 
over  the  f.’f ,  tiy  mied 
frrutvy  ar^a)  hrwsvsr,  no 
qusnti*  '..tive  data  was 
obtatnsd.  The  higher  disk 
If  .ding  tests  (103  to  II45 
,)Our«ls  per  square  foot) 
removed  all  the  loose 
material  from  the  impaot 
aresi  leaving  the  roots 
and  hard  soil  unaltered, 
Figure  10,  The  primary 
difference  between  the 
mowed  and  unmoved  grass 
was  the  deflection  of  the 
Jet  above  the  ground  by 
the  unmoved  grass* 


Pig,  10.  Test  I-E82 

After  Completion 


6.0h  SOIL  COWDITIOW  II.  FAT  CLAY  (C.H.) 

Sections  A  and  B«  Weathered  and  Pladed.  Respootlvely 


Four  tests  vers  made  over  the  weathered  fat  clay  and  one  after  blading 
the  same  section*  No  particle  traps  were  used  during  tests  over  the 
fat  clay  as  there  was  no  steady  erosion*  The  weathered  (Section  A) 


1.2 


fat  clay  was  ptelsd  the  Jet  impingement,  small  dry  surface 
chunks  broke  free  and  were  blown  from  the  area,  Figures  11a  and  b. 
After  blading  the  dry  crust  from  the  sm  Taoe  cne  test  at  13?  pounds 
per  square  foot  waa  made.  The  only  soil  movement  oonsisted  of  a 
few  loose  particles  left  by  the  track  of  the  motor  patrol  (grader). 
Figure  12. 


Pig.  12.  Test  n-B93 

After  Completion 
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6.05  SOIL  CONDITTON  III.  SAND  (S,P.) 

Seotlon  A,  Dry  SMvd 

Twenty-eight  tests  were  made  over  dry  sand.  The  dry  sand  ms 
considered  to  provide  an  Ideal  test  site,  as  it  was  relatively 
homogenous  and  reproduoeable,  and  considerable  activity  was  produced 
by  the  Jot  impingement,  Figures  13s  and  b.  The  flow  rates  were 


Fig.  13*.  Test  IZZ-A108  Fig.  13b.  Test  in-AlOS 

During  Operation  After  Connletlon 

oaleulated  and  plotted  In  Figures  50  to  6U  for  the  thrust  aids  normal 
to  ths  ground  plane,  In  Figures  65  to  72  for  30  degree  thrust  S9ds 
inollnation,  and  in  Figures  73  and  7li  for  60  degres  thrust  axis 
Inolination.  During  the  tests  over  ths  dry  sand,  it  was  noticed 
that  two  eroded  holes  were  formed,  one  large  almost  Imperoeptlbls 
depression,  with  a  smaller  diameter  deep  hole  in  the  center.  The 
diameter  of  both  depressions  was  recorded  and  plotted  as  depression 
dlamster  to  duot  exit  diameter  ratio  versus  disk  loading,  Figure  75. 


Section  D«  Vbt  Sand 


The  addition  oi  mole+uro  (wet  aatxl  condition  doacribed  in  App«nd:uc 
I)  to  the  sand  had  a  pronounced  effect  on  the  beVavior  of  .e  erosion* 
The  jet  impingement  appeared  to  dry  and  then  erode  the  surface  at  a 
slow  ratei  Fipires  lija  and  b*  Tracks  which  wre  not  visible  before 


ng.  lha.  Test  Pig.  lltb*  Test  m-Bii) 

During  Oparstion  After  Completion 


testing  were  exposed  during  the  ieft»  Zt  appeared  that  local  loading 
of  the  surface  tended  to  squeese  the  water  out^  which  produced  faster 
drying  and  erosion  during  the  test*  By  oompsring  the  flow  rates 
produced  by  tests  over  wst  sanl^  Figures  76  and  77,  and  those  over 
dz7  sand.  Figures  $9  and  61,  at  similar  oonditions,  the  deorease  in 
erosion  rate  obtained  by  saturating  sand  with  water  is  obvious* 


15 


6.06  SOIL  ooHDirian  IV.  s*Nmt  c»avbl  (q.w.) 

Seetlon  A«  As  D«pa8itad 

89y«nv««n  toats  war«  condaoV»d  ovor  thla  soil  oondition.  Tha  affaot 
of  the  eroded  hole  on  thij  elr  flow  pattern  la  shown  in  Flgurea  l$a| 
b  and  o« 


Figt  l$a*  Teat  Z7-A63»  During 
Initial  Operation 


Pig,  l$b.  Teat  1T-A63 

Aftor  JO  Seoenda 
of  Or*iration 


Fig.  15o.  Test  IV-A63 

After  Completion 


16 


Figure  l$a  was  taken  during  the  first  few  seconds  of  the  run  which  was 
at  a  Z/D  of  1,S  and  a  disk  loading  of  UiO  pounds  per  square  foot* 

The  photograph  in  Figure  15b  was  made  after  about  thlr^  to  thirty- 
five  seconds  of  running  tine*  The  eroded  hole  shown  In  Figure  l5o 
was  the  result  of  a  total  run  of  forty-two  jeoonds*  By  oonqputlng  the 
voluM  of  naterlal  reaoved  end  using  the  average  material  density,  a 
total  erosion  rate  of  approximately  150  pounds  per  second  was  ob¬ 
tained*  From  observations  of  the  test  it  was  obvious  that  the  par¬ 
ticle  traps  caught  most  of  the  trapped  material  during  the  initial 
twenty  to  thirty  seconds}  however,  as  the  flow  rate  into  the  trap 
varies  with  tlma  by  some  unknown  function,  the  flow  rates  plotted 
(Figures  78  to  93)  are  average  values  based  on  total  test  time* 

The  curve  of  the  eroded  hole  diameter  to  duot  exit  diameter  versus 
disk  loading  (Figure  9tt)  includes  the  test  data  of  Soil  Condition 
and  I7-B* 

m  addition  to  the  flow  rate  and  eroded  hole  diameter  curveSf  figures 
of  volume  loading  versus  h/D  (Figures  95  to  110)  have  been  included* 
The  increased  volume  loading  at  low  h/B  values  indicates  that  larger 
particles  (by  the  definition  of  volume  loading)  were  captured  near 
the  surface* 

Section  B«  Sprinkled  and  Compacted 

Eleven  tests  were  run  over  this  section*  The  dif ferenoe  in  the 
erosion  rate  between  Section  IV-A  and  Seotion  IV-B  was  noticeable 
during  testing  (Figures  16a  and  b). 


Fig.  16a.  Test  I7-A123 
After  Completion 


Pig*  16b*  Test  IV-B132 
After  Completion 
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E|/  ocnporlson  of  ths  flow  rates  for  Ssotlon  I7-B  (Figures  111  to 
121)  with  those  of  Section  Tl-A  (Figures  78  to  93)  for  sindlsr  test 
conditions.  It  can  be  seen  that  the  additional  aolsture  md/ar  the 
oompaotlng  reduced  the  erosion  rate*  The  plots  of  eroded  hole 
disaster  Tersus  disk  loading  are  included  with  the  data  of  Soil 
Condition  IV-A  (Figure  9it)*  The  voluae  loading  (Figures  122  to 
132),  as  would  be  expected,  appears  to  be  very  slnilar  to  those  for 
the  tests  of  Soil  Condition  I9-A  (Figures  95  to  110)* 

6.07  son.  CCMDITIOK  V-A*  FRESH  WlTER 

There  were  seven  tests  over  the  water  site,  moat  of  idiloh  consisted 
of  six  disk  loadings*  For  the  water  tests,  wave  rods  were  used  to 
make  a  continuous  reoord  of  the  water  level  over  a  brief  period* 

The  wave  rods  and  associated  equipment  are  described  in  detail  in 
Section  li*09*  The  impression  in  t)w  water  surface  (Figure  17a) 
was  msasured  by  the  wave  rods,  and  the  data  has  been  plotted 
(Figures  133  to  138)* 


Fig*  17a*  Operation  at 

1?  Pounds  per  Square  Foot 


The  duct  location  and  tilt  angle  were  included  on  compatible  scales, 
so  as  to  present  a  profile  picture.  The  wave  amplitude  (Figures 
139  to  llui)  and  frequency  (Hgures  to  l^O)  have  been  plotted 
against  disk  loading  for  each  of  the  teat  conations*  The  spray 
height  was  estimated  from  the  16  mlUlffleter  moving  pictures  ob¬ 
tained  during  tasting  and  curves  of  h/D  versus  w  prepared  from 
this  data,  Figures  151  and  15?*  The  lilgher  HIsV  loading  tests 
produced  considerable  spray.  Figures  17b,  c,  d  and  e* 
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Figures  17b,  e,  d,  e.  A  Freliminaiy  test  at  z/D 
■  2«[}  over  the  water  test  site*  The  wave  rnde 
were  not  Installed  and  a  test  munber  was  not 
asfll.gned. 


Klg«  17b,  Operation  at 
8  Pounds  per 
Square  Foot 


Fig*  17o,  Operation  at 
1$  Pounds  per 
Square  Foot 


Fig.  17d,  Operation  at 
60  Pounds  per 
Square  Foot 


Fig.  17e.  Operation  at 
lUO  Pounds  par 
Square  Foot 
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Examination  of  Figures  151  snl  152  shows  the  onset  of  spriQr  to  take 
place  at  a  disk  loading  of  eight  to  fifteen  pounds  per  square  foot* 

A  vary  rapid  rate  of  increase  in  spragr  hei^t  with  disk  loading 
takes  plaoe  A^un  6  to  60  pounds  per  square  foot  disk  loading^ 
beyond  which  the  increase  in  h/b  versus  w  is  approximately  linear* 

From  photographs  and  observation  it  was  noted  at  low  disk  loadings 
that  ths  spray  is  a  radial  surface  spr^r  Wiioh  reaches  its  maxlaw 
height  at  large  x^  values.  At  disk  loadings  above  60  pounds  per 
square  foot  ths  spray  has  considerable  vertioal  notion  and  does  not 
spread  along  the  surface  to  the  extent  at  which  it  did  at  lower  disk 
loadings  (w  •  8  to  30  pounds  per  square  foot)* 

The  presence  of  the  screens  and  ths  large  duot  Ibngth  helped  retard 
the  ingestion  of  water}  however,  sufficient  amounts  were  ingested  to 
retard  the  propeller  and  prevent  maximum  disk  loading  tests  under  the 
most  adverse  conditions  (low  Z/S  and  high  disk  loading),  Figure  18* 


Fig.  18*  Test  V-Ali9 

During  Operation 
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HILLER  AIRCRAFT  CORPORATION 


APPPiPn  I 


pEacRiPTiow  or  som  amp  test  sms 


Introdaetlcn 

1»  The  Hiller  Airoraft  OorporatlDn  has  ooiipleted  a  part  of  the  down- 
meh  iRplnganant  teata  being  oondaoted  at  the  U.  8.  Irmr  Engineer 
Vaterwigra  Experiment  Station,  Vlokaburg,  Miaaiaalppi.  ntia  tenting 
ineludea  137  teata  ooniueted  with  a  two-foot  ducted  fan  during  the 
period  2U  Hagr  to  1  July  I960.  The  vaterweye  Experlnant  Station 
auppoi'ted  the  tenting  by  furniahing  the  teat  eitea  and  performing 
neoeaaary  aoila  teata  for  olaaaifie alien  of  the  aolla  and  for  deter¬ 
mination  of  the  oondition  of  the  aoila  at  the  time  of  teata.  Thla 
report  preaenta  a  deaeription  of  the  teat  aites,  olaaaifioation  of 
mater iala  teateci,  and  oondition  of  maLerlala  at  time  of  tenting. 

IggjiQPiflg 

2.  Pertinent  terma  uaed  in  thla  report  are  defined  ac  followat 

a.  Unified  Soil  Olaaaifleation  ftratem.  The  Unified  Soil  Olaa- 
aifieatlen  syatem,  Whieh  haa  been  adopted  aa  atandard  the  Oerpi 
of  Xngineera  and  the  Bureau  of  Reolamation  and  ia  in  genaral  use  by 
aewaral  other  agensiei,  ia  used  aa  a  baaia  for  olaaaifioation  of  the 
aoila  teated.  This  system  la  baaed  cn  the  Identifioation  of  aoila 
aouording  to  their  textural  and  plaotio  qualities  and  on  tiieb*  group¬ 
ing  with  reapeot  to  behavior.  The  aoil  is  given  a  descriptive  naiue 
and  a  letter  ajmbol  Indioating  its  prinoipal  eharaetarlstioa.  The 
following  rroperti«H  axw  used  aa  a  beala  for  olaaaifioationt 

(1)  Paroentage  of  sand,  and  finas  (lYaotion  paanlng 

No.  ?00  sieve). 

(2)  Snape  of  graln-aiae  distribution  curve. 

(3)  Plastioity  and  oonpreaaibility  oharaotsriatioa. 

A  complete  deaoription  of  the  Unified  Soli  ClassLfioation  System  ia 
given  in  Hbterwaya  Experiment  Station  Teohnicel  Memorandum  Ho.  3-3?r 
dated  March  1953* 

b.  Atterberg  limits.  The  Atlerberg  ilnlts  are  defined  briefly 
ee  the  water  content  of  a  sell  at  the  transition  points  between  the 
general  stages  of  conalstencyi  that  ia,  liquid,  plastic,  semisolid, 
and  solid  stages.  The  liquid  limit  (LL)  and  the  plastio  limit  (PL) 


axpx'ass  t)ia  upper  end  lover  linitSj  respectively,  of  the  plwtio  range 
of  a  soil*  The  dlfferencie  betveen  those  tvo  linilte  expresses  numerl- 
oally  the  plastleity  of  a  soil  and  is  referred  to  as  the  plaetleity 
Index  (PI).  The  test  prooedures  used  for  determining  the  liquid  end 
plastlo  liiBlta  eere  eeeenbially  the  sane  aa  ASTM  Oesignatione  D  U23> 

39  and  D  U24-39,  respectively* 

Q.  Qradatlon.  Soil  gradation  refers  to  the  distribution  of  grain 
slies  In  soils.  This  distribution  is  nonaally  shew  by  a  grain-sise 
curve  in  siiioh  grain  siae  in  miUlaMters  is  plotted  against  peroentage 
of  fines  by  weight.  Sieve  analyele  tests  (iSTM  C  136«l46)  vers  used 
for  determining  the  grain-site  distribution  of  soil  pertioles  ooarser 
then  e  2QQ-mesh  sieve  (O.OTii  im),  end  e  hydrometer  enaiysis  (ASTM  D 
li22.gltT)  vas  used  for  determining  graln-siae  distribution  for  na- 
toriels  finer  than  a  200-me8h  sieve. 

d.  yiter  oon^nt.  Water  content  (w)  is  the  re.io,  expressed  as 
a  peroeniage,  of  tV.e  might  of  water  in  a  soil  mass  to  the  weight  of 
the  solid  natter.  TeNis  wars  eonduoted  In  aonordsnee  with  ASTM  D 
698-50T. 

s.  Density*  Density  of  a  soil  is  the  weight  per  unit  volume}  in 
thie  report  il  is  aepreesed  as  dry  denaity  in  pounds  por  oubio  foot. 
Tests  were  conduoted  by  the  aand*<lensity  end  drive*eyllnder  meihodi  in 
afloordanoe  with  Oerps  of  Engineers'  prooedures. 

Description  of  Soils  end  Teat  Sites 

3.  Tests  ware  performed  on  the  following  snile  and  tnet  sites i 

a.  Iissn  olay  (CL) 

(1)  Bladed  section 

(o')  I'iowed  section  (flat) 

(3)  Plowed  section  U'urroved) 

(U)  Qraesy  tree  (unmowed) 

(i)  urassy  area  (freshly  mowed) 

b.  Fat  oley  (OH) 

0.  Sand  (3P) 

(1)  Dry 

(2)  Mat 

i.  Sandy  gravel  (OW) 

e .  Water 
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It.  Qraln-alza  dlatrlhutlon  ourvea  and  Atterberg  Ilnita  data  for  tha 
aolla  tasted  are  ahowi  on  plate  1.  A  narrative  deaorlptlon  of  tha 
soils  and  condition  of  teat  aitea  Is  presented  in  the  follotdng  para¬ 
graphs. 


Lean  olay.  Tha  material  used  was  a  fine-grained  anil  of  medium 
plaatioiV  (pi  of  13)  whioh  olasaifled  as  a  lean  olay  (CL).  This 
soil  1.9  onmnoxl^  referred  '.o  as  a  loess  deposit  and  ia  typical  of 
lo«i98  formations  found  throughout  the  midvestorn  part  of  the  United 
States  and  many  other  areas  of  tha  uorld  such  aa  the  aouthem  edge 
of  the  Qobi  Desert  in  central  Asisi  the  Yellow  Barth  Area  in  north- 
waatern  Chinot  central  Europe^  Paleatine,  and  the  veatern  half  of 
tho  Union  of  South  Africa.  Testa  were  conducted  on  the  loess  soil 
under  the  folloidng  conditions  t 

a.  Bladed  section.  Tests  1  t^irough  $  were  oonduotad  in  an  area 

feet  wide  by  100  feet  long  after  it  had  been  bladed  smooth  with  a 

motor  patrol.  The  water  content  of  the  surface  was  about  17  percent 
innediately  after  tlie  grading,  and  the  dry  density  varied  from  about 
93  to  108  pounds  par  oubio  foot.  Thin  area  would  repreaant  any  bare 
area  of  sladlar  soil,  auoh  aa  dirt  roada,  unaurfaoad  parking  areas, 
ctcatera,  for  a  mdium  range  of  watar  content  and  dansity.  Bona 
drying  of  the  exposed  lurfaoe  soil  eeourred  during  elapsod  tins 
batman  teats  i  this  resulted  In  U»  formation  of  a  crust  about  1/2 
to  3A  Inch  Utiuk,  Ths  surface  was  oreaed  and  contained  numerous 
shrinkage  cracks  prior  to  teets  2  through  la  ahown  on  photograph 
1.  Waler  content  and  dansity  values  of  tha  aoll  meaaui'ed  at  tha  tins 
of  tests  are  shorn  in  table  1. 

b.  Plowed  aecticn  (flat).  Tests  6  through  30  were  oonduotad  in 
a  flat  plomo  aeotion  approximately  20  by  2^0  feet  in  arse.  The 
material  was  aoarlflod  by  one  pass  of  tho  scarifying  teeth  on  a 
motor  patrol  and  then  ptilverieed  to  a  depth  of  about  9  inehea  with 
two  pajsea  of  a  pulvlmlxer.  Thla  resulted  In  a  verj'  lo'jse  material 
simulating  a  freshly  plowed  flat  field  whioh  might  bo  uaed  for  sowing 
grain  uropa  such  aa  wheat,  oats,  eioetera.  The  area  oontained  matar- 
ial  ranging  in  aiae  from  l-lnoh  oloda  of  soil  to  duat.  Thn  dry  den¬ 
sity  ranged  from  60  to  77  pounds  per  cubic  foot,  and  tho  muter  con¬ 
tent  ranged  from  5  tu  16  percent,.  Pbot,ograph  2  shows  a  general  view 
of  the  area  prior  to  testing.  Actual  teat  values  of  water  content 
and  density  are  given  In  table  1. 

o.  Plowed  aeotion  (furroyd).  Testa  31  through  ,19  were  conducted 
in  a  plowRfi,  t'urrowed  area.  'I’hle  aree  veo  inl+deHy  prepared  in  the 
same  mammr  aa  the  flat  area  deaoribed  In  b  above,  end  then  rows  were 
formeiJ  with  a  niddle-baster  plow.  Tho  row  were  spaced  approximately 
threo  feet  apart,  with  thn  top  of  the  row  about  9  locbee  above  the 


bottom  of  tho  furrow*  This  aroa  would  repmsant  a  fraahly  plotred  field 
^ero  furrows  are  usually  fomed  fcrrow  orops  such  as  corn,  oottony 
sugar  OMUy  etcatara*  The  water  oontent  and  density  ranges  ware  about 
the  sane  as  those  for  the  flat  plowed  area.  Actual  values  are  shown 
in  table  1* 

d«  Qrassy  arcia  (uniaowed^*  Testa  61i  through  73  were  conducted  on 
an  mvtowoa  grassy  area  olTTean  clay  soil*  The  grass  consisted  of  a 
fairly  dense  covering  of  Johnson  grass  2  to  2-11/2  feet  high  with  some 
Bermida  grass  and  clover*  The  root  system  fomed  a  moderately  dense 
mat  in  the  upper  1  to  1-1/2  Inehes  of  the  soil*  Thin  area  was  culti¬ 
vated  for  vegetable  gardens  during  World  Vfhr  II  but  has  been  lyiiw 
idle  sinoe  about  19iio*  area  is  typical  of  land  idiioh  has  been 
taken  out  of  cuHtvatien  and  permitted  to  grow  up  in  grasui  and  weeds 
for  a  period  of  several  yeara* 

a*  Qrassy  yea  (wowed)*  Tssta  ^3»  and  7h  through  80  wtra 
oonduotea  on  a  fmaniy  mowed  portion  of  the  graaey  area  daacribed 
abovt*  The  grass  was  mowsd  with  a  rotary-type  power  lawn  mower  but 
was  not  rakod* 

olsy*  The  material  usad  tor  this  portion  of  the  testily  was 
a  flns-frainsd  soil  of  high  plasticity  (PZ  of  li7)  which  classified  as 
a  fat  olagr  (OH)  soil*  The  mattrial  waa  ebtainad  from  a  baokswenp 
dspoait  of  the  Mississippi  Hivar  and  ia  typical  of  hsavy  clays  found 
throui^out  ths  world  along  well-<loveloped  flood  plains  with  baok- 
swemps*  The  srsa  usad  for  tests  was  a  stookplls  of  this  material 
loeated  on  ths  Wsterwiys  bcperimsnt  Station  reservation)  it  had  bean 
svposed  to  ths  wsathsr  for  about  one  year*  The  upper  2  inches  of  the 
oligr  had  dried  to  s  water  oontent  of  about  6  peroent  and  containad 
nvmsrous  shrli\kagt  urauke*  The  waLer  oonbaaL  bulow  Uia  two-iiiuh  depth 
waa  about  31  peroent*  The  dry  density  avsraga'd  about  88  pounds  per 
oublo  foot,  »^ioh  In  about  the  average  density  of  the  natural  matsr- 
isl  in  the  swamps.  Tssta  89  through  9?  ware  made  on  t)ia  soil  In  this 
condition*  Tsst  93  waa  oonduoteH  nn  the  samo  coil  after  the  dry 
surfaoe  material  had  been  scraped  off.  Actual  water  oontent  end  den¬ 
sity  valuss  ere  given  in  table  1* 

?•  Svic,  The  sand  ua->'<  la  the  tests  olaeeified  as  a  nonplaatic, 
unifom,  fine  sand  (SP^  and  waa  obtained  from  a  sand  bar  along  a 
small  river  in  tha  Vicksburg  area.  This  sand  ia  typical  of  many 
river  bar  sands  found  throughout  tho  world,  and  the  behavior  under 
blast  would  ba  about  the  sene  for  ary  sand  of  similar  gradation, 
densHj-,  and  >«ter  content.  Testa  were  conducted  on  osnei  coctiona 
constructed  under  shelter  for  the  following  conditions ; 
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a*  Dw  8»nd«  T«8ta  lilt,  hS  and  9li  thrvuf^  120  wr*  oonduotad  on 
tost  Motions  vhioh  vore  20  feet  wide^  90  feat  lon«:«  and  1  foot  deep 
and  war«  oonstruotad  of  air-dry  sand*  Tha  matarlal  was  plaoad  in  a 
tranch  saotlon  and  vas  hand-apraad  to  grada*  Watar  oontant  valuaa 
variod  from  asout  0,^  paroant  at  the  surfaoa  to  1*7  pareant  at  bha 
bottom  of  tha  Isyar.  Tlto  sand  aas  in  a  ralativsly  loosa  stata  anti 
had  an  avsraga  iiy  dansity  of  about  92  pounds  par  oubio  foot* 

b.  Wit  sand*  Tasts  U2  and  wara  oonduotad  on  Mt  sand*  For 
thasa  bastSi  a  traneh  saotion  20  fast  wida,  9o  faat  long,  and  1  foot 
daap,  nail  fillad  and  lavalad  with  sand  in  tha  lana  manner  as  the 
dry  sand  saotion,  was  used*  Ths  sand  was  than  vat  by  sprinkling 
with  a  water  hose  and  spri^  noaila*  Tha  awaraga  watar  oontant  and 
dry  density  of  tha  sand  at  tiai  of  tasting  wara  8*7  paroant  and  92*3 
povmds  par  oubio  foot,  respaotivaly* 

8*n*iy  araval.  Tha  malarial  used  in  thasa  tasts  was  nonplaotio, 
wall-graded  sandy  grarai  (QW)  with  1-1/2  inoh  maxinun  slaa  partiolas* 
Tha  material  was  obtained  from  an  alluvial  gravel  bar  deposit  which  is 
typioal  of  suoh  deposits  along  many  straama  throughout  tha  world*  Tha 
sandy  gravel  was  plaoad  in  a  traneh  aaetlon  20  faat  wide,  6o  faat 
long,  and  1  foot  daap  with  only  a  vary  slight  aonpaotlon  effort  being 
applied*  Tha  material  was  sprinkled  whan  plaoad  and  this  resulted 
in  a  moist  oondition*  Taata  I4I,  99  throttgh  63,  and  121  ttvough 
137  wara  oonduotad  in  tliis  saotion*  After  eaoh  series  of  tasts,  tna 
eroded  areas  wara  repaired  and  tha  aama  aaotlon  was  uaad  for  additional 
Isala*  Tim  nalsi  content  aS  ths  rmtarial  for  testa  UO,  hi,  b'5  through 
63,  and  123  through  126  varied  from  about  0*3  paroant  at  tha  aurfaea 
to  3*0  paroant  at  tha  bottom  of  tha  layer*  Tha  svaraga  dry  density 
of  ths  material  was  about  115  pounds  par  oubie  fr;t,  which  is  about 
ths  asms  dagrss  of  dansity  found  in  natural  dapoMU.i*  nf  the  nsberlel* 
Tbs  sntirs  area  wm  sprinkled  and  oompaotad  by  four  oovtragaa  of  a 
D7  traotor  prior  to  tasts  127  through  137*  Thia  rasultod  in  slightly 
higher  water  contents  and  donslLlse  of  Iho  maUrlal  in  these  latter 
tasts,  08  shown  in  table  1* 

9.  Water*  Testa  h6  throui^  92  wara  porformod  over  watar  wliloh  was 
22  inohaa  daap  and  was  onnfinsd  by  eand  dikea  to  a  pool  approximately 
>t0  faat  wide  by  100  faat  long*  The  dikes  waie  sloped  to  spproxlmataly 
1  on  3  to  disaipata  any  wave  action  ooourring  during  tha  tests.  Data 
for  doveloping  a  profile  of  the  trough  produced  under  tha  various  tasts 
ware  obtainsd  by  instrumanting  tha  area  under  the  ducted  fan  with  a 
aeries  of  wave  rods  and  recording  the  water  clovation  on  an  oscillo¬ 
graph. 

Plato  1 
Table  1 

Photographs  1-2 
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TABIE  1 


OK  aon.  rtsTS  fcr  domhimsh  ihpiwqwcnt  stuk 


T«at 

no. 

Soil  Type 
end  Condition 

Soil  Condltiona 

Depth 

in. 

Moisture  Content 

i 

Dry  Deheity 
Ib/eu  ft 

1 

Leon  elay 
(blade^ 

0-1/2 

1/2-3 

17.3 

21.3 

95.8 

? 

H 

0-1/2 

8.$ 

1/2-3 

17.2 

99.9 

3 

N 

0-1/2 

9.7 

1/2-3 

19.14 

97.3 

U 

M 

0-1/2 

5.2 

1/2-3 

I5.h 

IOJ1.7 

5 

e 

0-1/2 

1/2-5 

15.^ 

96,? 

( 

Lean  qIm 
(plowBd) 

0-1 

1-li 

W? 

7.1 

72.0 

7 

It 

0-1 

9.8 

6I1.7 

1-2 

13.14 

2-li 

12.9 

3 

H 

0-1 

10,2 

6«.8 

■.’.-2 

IL.2 

L«6 

12.3 

V 

tl 

0-1 

6.0 

60,2 

1»2 

12.7 

2.*6 

13.7 

7-10 

17.9 

93.3 

10 

n 

0-1 

II4.6 

65.2 

1-2 

8.7 

7-11 

20.8 

9L,7 

u 

n 

0-1 

6.2 

67.3 

1-2 

13.' 

l6l 


i 


Taut 

Soil  7yp« 

Sell  Gondltlona 

Dopth 

Molaturo  Content 

bry  Ibenaltgr 

He> 

and  Oeaditlon 

-Ini 

% 

lb/«^  n 

12 

Loan  eliar 
^)l01«^ 

0-1 

1^2 

7.5 

lit.2 

67,2 

2-U 

17.S 

13 

a 

0-1 

10*8 

63,7 

1-2 

17.2 

2-6 

lii.9 

6-8 

17.2 

lii 

n 

0-1 

6.7 

66,8 

1-2 

16.3 

7-10 

22.2 

97,0 

15 

n 

0-1 

11.U 

61u2 

1-2 

18.2 

6-10 

22.1i 

9Ji.6 

16 

n 

0-1 

15.U 

62.8 

1-2 

lit.O 

17 

H 

0-1 

15.3 

6L.6 

1-2 

16.9 

U-6 

16.3 

«».9 

18 

tf 

0-1 

13.0 

67,l» 

1-2 

15.2 

li-6 

13.0 

67.3 

9-11 

^.9 

82.2 

19 

1? 

0-; 

13.2 

61,7 

8-11 

17.7 

91,5 

20 

N 

0-3 

10,0 

65.2 

8-11 

20.0 

93.14 

21 

N 

0-3 

9.9 

67,0 

22 

II 

0-3 

10,0 

68,0 

li-7 

11.0 

23 

II 

0-3 

13.0 

67,0 

ii' 

m 

3-6 

17.0 

6-9 

19.9 

69,2 

162 


ik 

Lean  elaar 
(plonDdi) 

0-3 

1-7 

16.0 

20,0 

70,7 

69.0 

8-11 

22,0 

90.3 

2S 

N 

0-3 

12.2 

68.6 

9-11 

20.U 

11-lti 

23.5 

93.3 

26 

II 

0-3 

12.9 

67.5 

3-6 

17.6 

8-U 

22.2 

92.0 

27 

■ 

0-3 

6.7 

7U.li 

3-8 

18.6 

8-11 

22.8 

95.9 

26 

II 

°-2 

11.6 

71.li 

3-8 

20,2 

72.3 

10-13 

21.U 

90.8 

1? 

R 

p-3 

17.0 

68.7 

l»-7 

17.2 

73.2 

30 

R 

0-2 

9.8 

70.2 

3-8 

18.6 

76.5 

8-11 

21.U 

71.1 

3X 

Utn  Olay 

0-3 

10.6 

72.2 

(plowod  and 
furroRRd) 

9-12 

12.3 

9li.5 

32 

R 

0-3 

13.5 

71.6 

3-12 

11.2 

70.L 

33 

R 

0-3 

10.2 

67.8 

3-7 

11,6 

76.1 

10-13 

19.1i 

70.0 

3li 

R 

0-5 

Uti 

c^\o 

35 

R 

0-3 

9.3 

73.8 

li-7 

12.0 

71..> 
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Toit 

Wo. 

8oU  Tjrpi 
and  Qnndltlon 

•on  Oonditlena 

Dopth 

noiotura  oontani 
• 

Hrj  benaitjr 
iWeu  ft 

36 

Loan  eligr 
(^owd  and 
funrawad) 

0-3 

7-10 

12-35 

12.3 

17.0 

17.8 

66  Jt 

69.6 

86.li 

37 

H 

0-3 

3-13 

22.8 

lb.2 

as 

36 

a 

8-11 

U-13 

18.0 

Ui.5 

17.5 

67.0 

81.1 

81.2 

39 

a 

0-3 

7-10 

13-16 

19.1i 

17.3 

21.0 

69.14 

7II.U 

aiuo 

iA4a. 

taM^  cravol 

0-2 

2-6 

6-9 

9-12 

0.6 

1.5 

2.9 

115.0 

lia4(3 

•and  («it) 

0-32 

8.7 

92.3 

Sand  (itnr) 

0-9 

9-12 

0.5 

1.3 

92.2 

Wdtor 

m 

• 

55-63 

San^  iratrtl 

0-2 

2-6 

6-9 

9-12 

0.8 

1.5 

2.9 

115.0 

6lt«68 

Loan  olmr, 
Bpaaajr  aroa 

(nowod  and 
uaaoaod) 

* 

• 

- 

89 

Fat  elay 
(naathorod) 

0-2 

2-6 

8.1 

33.1 

87.1 

90 

II 

0-2 

2«6 

8.0 

22.6 

86.5 
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TiBa  I 


Sell 

Taat 

PeeUnetien  2/a 

S 

Z-Al 

1.5 

lllO 

0" 

variable 

Z-A2 

3 

U5 

2  idn. 

iSJ 

rw. 

variable 

.5 

var. 

variable 

I-A5 

.6 

TW. 

K 

variable 

X-B6 

3 

6.S 

3  nin. 

I-S7 

3 

80.1 

oj 

3  Bin. 

Z-B6 

3 

U5.8 

0® 

3  rdn. 

1-B2 

3 

sd.A 

0® 

3  Bln. 

Z-BIO 

3 

3  min. 

I-Bll 

l.S 

6.A 

3  Bin. 

X-Blt 

1.5 

80,1 

3  Bin. 

I-Bl) 

I-Cllt 

1.5 

1.5 

M.a 

8L.6 

o! 

8  Bin. 

Ii2  ave. 

X-BIS 

1.5 

125 

iiO  aa«t 

x-ia 

.5 

6.fi 

8  Bin. 

Z-B17 

.5 

80.6 

8  Bin. 

Z-BIS 

.5 

ti9.6 

8  Bin, 

X-B19 

.5 

99 

1  Bin. 

ZeSSO 

.5 

137.5 

o! 

liO  tee. 

X-BSl 

3 

15 

3  Bin. 

Z»B88 

3 

30! 

3  Bin. 

Z-B83 

3 

60 

30® 

1  Bin.36  fee. 

z-n8ii 

3 

60 

1  nln.36  a«o* 

I-P85 

3 

An 

K 

1  Bln. 38  aeo. 

I-D26 

3 

127 

in'* 

iit  turn. 

Z-B27 

X-B8I} 

.75 

60 

K 

1  Bin. 

.75 

127 

3oJ 

1  Bln. 

Z-029 

7 

An 

60® 

1  nln. 

X-B30 

2 

133 

K 

1  Bln. 

1-011 

1 

15 

1  nln. 

Z-032 

3 

60 

1  Bin. 

1-C33 

3 

135 

Oq 

1  nln. 

X-C3U 

.83 

Tir. 

0® 

• 

1-035 

.33 

30 

1  Bin. 

Z-C36 

.83 

100 

0® 

1  Bin. 

r-C37 

.83 

var. 

0® 

«a 

1-038 

.8.3 

30 

0® 

1  Bln. 

1-039 

.83 

100 

°o 

1  Bln. 

1-053 

;:.21 

ILO 

1  Bln. 

I-D51i 

1 

100 

0® 

1  ndn. 
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0? 
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30 
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15 

0® 
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0® 
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*5 

IS 
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.5 

30 
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.5 
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3 

15 
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3 

30 

0? 
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3 

60 

oj 
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3 
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oj 
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3 
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0® 
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1.5 

15 

oj 
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1.5 

30 

0® 
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60 

0? 
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1.5 

US 
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.5 

15 
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.5 

30 
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.5 
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oj 
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1 
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2 

U3 

K 
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3 
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.5 
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0? 
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n-B93 

.5 
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ni-Ablj 

3 

v*r. 

0® 
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60 

On 
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8 
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30 

oj 
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ni-A98 

3 

3 
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On 
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8 
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IS 

m-Aioi 

1.5 

30 

0® 
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6 
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adn* 

1  adn* 
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1  adn* 

}  *dn. 
u  adn* 

1  nin. 
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1  min* 
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15 
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0® 
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